Abstract
Introduction
Medicinal plants have been used as medicine, as food or in food preparations to improve the flavour and taste throughout human history. Culinary herbs and spices are reported to contain bioactive compounds imparting various pharmacological properties to the food including antimicrobial, anti-inflammatory and antioxidant properties (Table 1) . In this regard, the human diet has an important role in protection against oxidative stress, with the health-protecting factor being attributed to compounds with antioxidant capacity. During the last decade, many reports focused on the use of several spices and culinary herbs for improving the healthy life style of humans and suggested that the health benefits provided by these plants are attributable to the presence of various bioactive compounds (Becker, 1983) . Phenolic compounds mainly flavonoids may be responsible for various bioactivities (Wijekoon et al., 2013) . Natural antioxidants, predominantly phenolic compounds, are also considered to be important complementary factors for anti-oxidative stress (Rice-Evans et al., 1997) and several studies have shown that the antioxidant properties of plants could be correlated with oxidative stress defense (Costantino et al., 1992) . Anti-inflammatory, antidysentery, antioxidant, analgesic, antidiarrheal, antimicrobial, antimalarial, antiiflammatory (Kabore et al., 2011; Mulaudzi et al., 2013; Samie et al., 2012) Aframomum alboviolaceum Ridley K. schum (Zingiberaceae) 34888/HNC
Large amomum
Aframomum latifolium, A. stipulatum
Roots, Fruits
Spices, diuretic, anthelmintic, fever, antiparasitic, stomach troubles; diarrhoea, vermifuges (Abreu and Noronha, 1997; Neuwinger, 2000) Fruits Antimicrobial, antitumor and antileishmania, antidrepanocytary, Anthelmintic (Abreu et al., 1999; Mpiana et al., 2007 ) Aframomum kayserianum K.schum (Zingiberaceae) 18884/SRFC / Amomum kayserianum Fruits Spices, anti-mumps, diarrhoea, dysmenorrhoeas, vermifuge (Tane et al., 2005) .
Fruits Antibacterial Aframomum polyanthum K.schum (Zingiberaceae) 3981/SRFK / Amomum polyanthum Fruits Spices (Ayafor et al., 1994; Fruits Antibacterial (Ayafor et al., 1994; Djeussi et al., 2013) Anonidium mannii (Oliv) Eng et Diels (Amonaceae) 1918/SRFK
Junglesop, soursop
Anonidium friesianum Stem, bark, leaves
Spider and snake bites, bronchitis, syphilis, diarrhea, malaria, dysenteria, gastroenteritis ( Betti, 2004; Kuete et al., 2013; Muganza et al., 2012; Noumi, 2011; Thomas et al, 2003) Leaves Antibacterial, antiprotozoal Muganza et al., 2012) Cinnamomum zeylanicum Blume (Lauraceae) 22309/SRFC
Cinnamon, ceylon, true cinnamon
Cinnamomum verum Bark Spices, respiratory, digestive and gynaecological ailments (Ranasinghe et al., 2012) bark anti-inflammatory, antioxidant, antibacterial, collagenase, urease inhibitory ( Bujnakova et al., 2013; Hong et al., 2012; Seukep et al., 2013) . Corchorus olitorius (Tiliaceae) 14725/SRFC Indian jute, Jew's mallow.
Corchorus catharticus, C. quinquelocularis, C. malchairii, C. longicarpus

Stem, leaves
Gonorrhoea, cystitis chronic, analgesic, febrifuge, antitumor, anti-inflammatory, diuretic, cardiotonic (Ilhan et al., 2007; Zakaria et al., 2006) Whole plant Antibacterial, antioxidant, antiinflammatory, (Barku et al., 2013; Handoussa et al., 2013; . 
Cyperus esculentus
Fruits, tubers
Respiratory infections and some stomach illnesses, cough, reast lumps and colon cancer, constipation, edible. (Bamishaiye and Bamishaiye, 2011; Ayafor et al., 1994; Djeussi et al., 2013) .
Fruits
Antioxidant, antibacterial, antiinflammatory (Biradar et al., 2010; Jing et al., 2013; Seukep et al., 2013) . (Lin et al, 2001; Olaleye, 2007) Leaves Antibacterial , α-glucosidase and α-amylase inhibitory, antidiabetic Salehi et al., 2013; Saxena et al., 2011) . (Bruneton, 1999) Roots Antibacterial, spermatotoxicity, cytotoxicity, genotoxicity, insecticidal, antioxidant, (Akinboro and Bakare, 2013; Djeussi et al., 2013; Koubala et al., 2013; Oriakhi et al., 2014 (Bopitiya and Madhujith, 2013; Seukep et al., 2013; Sharif et al., 2013) . Bankole et al., 2007) .
Hibiscus sabdariffa
Ocimum gratissimum
Sesamum radiatum
Seeds Hypoglycaemia, antimicrobial (Bankole et al., 2007; Seukep et al., 2013) . (Feussner and Wasternack, 2002) .
Tamarindus indica
Lipoxygenases are the key enzymes in the biosynthesis of leukotrienes that play an important role in several inflammatory diseases (Funk, 2006) . Inflammation is one of the manifestations of oxidative stress, and the pathways that generate the mediators of inflammation, such as adhesion molecules and interleukins, are all induced by oxidative stress (Sommer, 2005) . Inhibition of LOX may influence the inflammation processes and thus be of interest for modulation of the lipoxygenase pathway. Therefore, inhibitors of oxidative stress and LOX have been considered as therapeutically useful in the treatment of many related diseases (Mehta et al., 2006 
Materials and Methods
Plant material and extraction
The plants were purchased from local markets in the western region of Cameroon and identified at the Cameroon National Herbarium where voucher specimens were deposited under different reference numbers (Table 1 ). The collected plant material was dried at room temperature and ground. The powder obtained was macerated in acetone for 48 h and filtered through Whatman No1 filter paper. The filtrate obtained was concentrated under reduced pressure using a rotary evaporator to obtain the crude extract. The crude extracts were kept at 4°C until use.
Chemicals
Sodium carbonate was obtained from Holpro Analytic, South Africa. Gentamicin was purchased from Virbac, South Africa. Fetal calf serum (FCS) and minimum essential medium (MEM with L-glutamine) was provided by Highveld Biological, Johannesburg, South Africa. Phosphate buffered saline (PBS) and trypsin were purchased from Whitehead Scientific, South Africa.
Doxorubicin was obtained from Pfizer. Quercetin, 2,2'-azino-bis (3-ethylbenzothiazoline-6- 
Soybean lipoxygenase inhibition assay
The assay was performed according to previously described procedure (Pinto et al., 2007) 
Antioxidant activity
Total phenolic content (TPC) determination
The total phenolic content of extracts was determined colorimetrically using a 96-well microplate Folin-Ciocalteu assay developed by Zhang et al. (2006) . The total phenolic content was calculated from the linear equation of a standard curve prepared with gallic acid, and expressed as gallic acid equivalent (GAE) per g of extract.
Total flavonoids content (TFC) determination
Total flavonoid content was determined using the method of (Ordonez et al., 2006) . A volume of 0.5 mL of 2% AlCl 3 ethanol solution was added to 0.5 mL of sample solution (1 mg/mL). After one hour at room temperature, the absorbance was measured at 420 nm. A yellow color is indicative of the presence of flavonoids. Total flavonoid content was calculated and expressed as mg quercetin equivalent/g of crude extract using a standard curve prepared with quercetin.
ABTS radical assay
The ABTS radical scavenging capacity of the samples was measured with modifications of the 96-well microtitre plate method described by Re et al. (1999) . Trolox and ascorbic acid were 
DPPH assay
The DPPH radical-scavenging activity was determined using the method proposed by BrandWilliams (1995) . Ascorbic acid and trolox were used as positive controls, methanol as negative control and extract without DPPH as blank. Results were expressed as percentage reduction of the initial DPPH absorption in relation to the control. The concentration of extract that reduced the DPPH colour by 50% (IC 50 ) was determined as for ABTS•+.
Ferric Reducing Antioxidant Power (FRAP) assay
The FRAP of samples was determined by direct reduction of potassium ferricyanide (K 3 Fe(CN) 6 ) to potassium ferrocyanide (K 4 Fe(CN) 6 ) (electron transfer process from the antioxidant). The increase in absorbance from the formation of Pearl's Prussian blue complex following the addition of excess ferric ion was measured as described by Berker et al. (2007) with some modification. The reaction medium (210 µL 
Determination of minimum inhibitory and bactericidal concentration (MIC and
MBC)
The broth microdilution technique using 96-well micro-plates, as described by Eloff (1998) In addition, the total activity was calculated as the total mass (mg) of the extract divided by the MIC value (mg/mL). The total activity value indicates the volume to which the extract derived from 1 g of plant material can be diluted and still inhibit the growth of the microorganism (Eloff, 2000) .
Cytotoxic activity
The cytotoxicity of the extracts (dissolved in acetone) against Vero monkey kidney cells was assessed by the MTT reduction assay as previously described by Mosmann (1983) with slight modifications. Cells were seeded at a density of 1 x 10 5 cells/ml (100 µl) in 96-well microtitre plates and incubated at 37 o C and 5% CO 2 in a humidified environment. After 24h incubation, extracts (100 µl) at varying final concentrations were added to the wells containing cells.
Doxorubicin was used as a positive reference. A suitable blank control with equivalent concentrations of acetone was also included and the plates were further incubated for 48h in a CO 2 incubator. Thereafter, the medium in each well was aspirated from the cells, which were then washed with PBS, and finally fresh medium (200 µl) was added to each well. Then, 30 µl of MTT (5 mg/ml in PBS) was added to each well and the plates were incubated at 37°C for 4h.
The medium was aspirated from the wells and DMSO was added to solubilize the formed 
Statistical analysis
All experiments were conducted in triplicate and values expressed as mean ± standard deviation.
Statistical analysis was performed using one way ANOVA and results were compared using the Fisher's least significant difference (LSD) at a 5% significance level. Table 1 shows an overview of the spices and culinary herbs used, common names and synonyms as well as their ethno-medicinal use and their other pharmacological potential previously investigated (Table 1) .
Results and Discussion
15-lipoxygenase inhibitory activity
In this study, we used the ferrous oxidation-xylenol orange (FOX) assay method for testing extracts for 15-lipoxygenase inhibitory activity. The results presented in Figure 1 show that all Figure 1 : 15-Lipoxygenase inhibitory activity of extracts from fourteen culinary herbs. Extracts were tested at 100 µg/ml.
the extracts investigated had a certain level of 15-lipoxygenase inhibitory effect. Five extracts (A.
alboviolaceum, A. digitata (fruit), A. polyanthum, C. esculentus and H. sabdariffa) out of
fourteen led to more than 50% of 15-lipoxygenase inhibition. The observed variability in the degree of inhibition of 15-LOX by different extracts could be attributed to the differences in their phytochemical composition as previously reported by Djeussi et al. (2013) . Adansonia digitata had the highest inhibitory activity with an inhibition percentage of 78.64%. It should be noted that A. digitata has been used traditionally as an analgesic and to alleviate pain ( (Carter et al., 1991) , therefore, inhibition of the biosynthesis of inflammatory mediators by blocking the activities of these enzymes would be important for the treatment of many inflammatory disease states (Benrezzouk et al., 1999) .
It is noteworthy that, A. digitata had the highest TPC with good antioxidant activity, a finding which is consistent with Handoussa et al. (2013) who found a relationship between the antiinflammatory activity and the presence of polyphenols. Antioxidants are also known to inhibit plant lipoxygenases (Lin et al., 2001) . Studies have implicated oxygen free radicals in the process of inflammation and phenolic compounds may block the cascade process of arachidonic acid metabolism by inhibiting lipoxygenase activity, and may serve as a scavenger of reactive free radicals which are produced during arachidonic acid metabolism (Trouillas et al., 2003) .
DPPH, ABTS, FRAP, Total phenolics (TPC) flavonoids content (TFC)
The free radical scavenging ability has been determined by using several different assays (Table   2 ). There was a very good correlation between DPPH and ABTS values (R 2 0.977) and between TPC and TFC (R 2 0.936) of the different extracts. All extracts had good antioxidant activity.
Results varied depending on the method used. IC 50 values ranged from 8.15 µg/mL to 484.86 µg/mL in the DPPH assay; and from 9.16 µg/mL to 496.02 µg/mL in the ABTS assay. The trend for FRAP activities of the extracts tested, did not markedly differ from their DPPH and ABTS T. indica with the lowest antioxidant activity in the DPPH and ABTS assays also had the lowest phenolic content (41.98 mg GAE/g). Table 3 indicate the Pearson's correlation between the total phenolic and total There is a significant correlation between pairs of variables with p<0.05.
Results in
flavonoids content and antioxidant activity, a statistically significant relationship was observed between TPC, TFC and FRAP. It has been reported that the antioxidant activity of plant materials is well correlated with the content of their phenolic compounds (Velioglu et al., 1998) .
Different extracts from the tested spices and herbs have been previously evaluated for their antioxidant activity and similar results to our findings have been reported. Dichloromethane and hexane extracts from S. sabdariffa and C. zeylanicum had good DPPH radical scavenging activity (Salehi et al., 2013) . The methanolic extracts of Corchorus olitorius, contained quantities of phenolic and flavonoids compounds (Barku et al.,2013) . Similar results were reported by it is dangerous to extrapolate from in vitro to in vivo activities it is possible that increasing intake of these herbs could have a therapeutic value in addressing oxidative stress conditions.
Antimycobacterial activity
The MIC values and the total activity of extracts from fourteen spices and culinary herbs against three fast growing Mycobacterium species strains are shown in Table 4 . In general there were not major differences in the activity of the extracys of the different Mycobacterium species. The different extract examined had an average MIC of 0.89 mg/mL against M. fortuitum compared to 0.98 mg.mL against M. aurum and 1.12 mg/mL against M. smegmatis. radiatum) had no activity against M. fortuitum at the highest concentration tested (MIC >2.5 mg/mL) whilst for the other extracts, MIC values ranged from 0.15 to 2.5 mg/mL. Taking into account the cut-off of the antimicrobial activity of plant extracts of 0.1mg/mL (Eloff, 2004; Kuete and Efferth, 2010) , the antimycobacterial activity of the culinary herbs and spices obtained in this study varied from significant to inactive. Furthermore T. indica had a total activity of 2305 mL/g (Eloff, 2000) , indicating that an extract derived from 1 g of T. indica fruits can be diluted to approximately 2.3 L of solvent and still inhibit the growth of M. aurum. This result is interesting considering the traditional use of this plant. The antimycobacterial activity of edible plants and spices against M. tuberculosis has been previously reported (Tekwu et al., 2012; Sergio et al., 2013) , but to best of our knowledge, this is the first report on the antimycobacterial activity of culinary herbs and spices against fast growing Mycobacterium species. It has been reported that, activity against the fast growing M. aurum is highly predictive of activity against M. tuberculosis, as the two species have similar drug sensitivity profiles (Chung et al., 1995) .
Therefore, the significant activity obtained with T. indica against M. aurum in this study may be of interest for further screening against pathogenic Mycobacterium species.
Cytotoxic activity
Over the past decade a number of in vitro methods have been evaluated with the aim of replacing the mouse bioassay for toxicity testing. Cell culture-based toxicity tests are of interest, having the potential to detect more general cytotoxicity endpoints. In the present study, the toxicity of fourteen extracts from culinary herbs and spices was evaluated on Vero monkey cells by the MTT assay. The LC 50 values ranged between 33.06 and 770.61 μg/mL (Table 5 ). According to the National Cancer Institute (United States) plant screening program, a crude extract is generally considered to have in vitro cytotoxic activity if the LC 50 is < 20 μg/mL (Boik, 2001 ). On the basis of this threshold, all the extracts tested in our study can be considered as safe. This result provides a support on the safety of their traditional use. Nevertheless the value of 33 μg/mL obtained for Aframomum kayserianum raises concern about its safety. It is possible that the acetone extract used may extract more toxic compounds than what could become available in the way this spice is used.
The extract of T. indica had the highest selectivity index (SI) of 1.55 with M. aurum. In general SI (also called Therapeutic Index) is a measure of potential efficacy versus adverse effects. The higher the selectivity index for a crude extract, the more likely it is that the activity is not due to a general metabolic toxin. An SI > 1 for a crude extract increases the likelihood that its toxic and antibacterial compounds are different (Cho-Ngwa et al., 2010) . For most of the extract, the SI values were less than 1; due to their poor antimycobacterial activity effect.
Conclusion
In conclusion, the culinary herbs and spices investigated have a certain level of 15-lipoxygenase inhibitory and antioxidant activity. The cytotoxicity activity shows that with the possible exception of the two Aframomum species these herbs are generally not toxic to Vero cells, thus substantiating their safety for using in food especially since only low quantities are used as a spice. This study provides a scientific support for some of the traditional uses; hence suggesting that increasing the intake of these herbs may be helpful in preventing or reducing the progress of some lifestyle-related diseases. Although it is dangerous to extrapolate from in vitro to in vivo results, the diversity of the pharmacological activities of the Adansonia digitata observed in this study suggests that extracts of this plant species may be of value for application in human and animal health. 
